Numerous benign and occasionally malignant tumors arise from the folliculosebaceous apparatus. Confusing terminology, rarity of malignant variants and overlapping histological features can lead to diagnostic uncertainty. This review highlights the clinical and histopathological features that help to classify these entities, as well as the various syndromes associated with certain members of this large family of tumors.
INTRODUCTION
A fascinating component of cutaneous embryology is the development of specific appendageal structures, important for homeostatic, immunological and esthetic functioning. These appendageal structures are comprised of the folliculosebaceous unit, apocrine glands and eccrine glands. As can be expected, a multitude of benign and occasionally malignant tumors arise from these widely distributed apparatuses. In this article, we will review those of folliculosebaceous origin, with a focus on the clinical and histopathological features salient to the identification of individual tumors (see Table 1 ). Despite increased delineation of the immunohistochemical profiles of various adnexal tumors, these methods are rarely needed in day-to-day practise, as distinctive light microscopic findings characterize the vast majority. These methods will be highlighted wherever useful. Additionally, in order to appreciate many of the microscopic features observed in these tumors, a working knowledge of folliculosebaceous embryology and microanatomy is invaluable, and as such, these have been briefly reviewed below.
FOLLICULOSEBACEOUS EMBRYOLOGY AND MICROANATOMY
Hair formation begins around the third month of gestation and begins in the eyebrow and scalp regions, progressing caudally. 1 Follicle development begins with the formation of the primary hair germ, a clustered, then budding group of basophilic cells exhibiting peripheral nuclear palisading in the epidermal basal layer. Numerous follicular tumors differentiate towards the hair germ. Subjacent to the hair germ lies a condensation of mesenchymal cells, the precursor to the dermal hair papilla. Over the course of development, the germ elongates as a cord of cells invading the dermis, forming the hair peg and later the bulbous hair peg. The mesenchymal condensate is eventually engulfed by the invading hair germ, becoming the dermal hair papilla. Matrical cells within the developing hair bulb initiate production of the inner root sheath (IRS) and the hair shaft. [1] [2] [3] During hair germ descent, three epithelial buds appear which delineate the microanatomical divisions of the future follicle. The lowest bud is termed the "bulge" area and harbors a reservoir of epithelial stem cells important for future follicular regeneration. [4] [5] [6] Immunohistochemical markers for these stem cells include CD200, PHLDA1, follistatin, CK15 and frizzled homolog 1. 7 Stem cells of the lower bulge are thought to form the secondary germ, and tumors differentiating towards the hair germ may arise from this area. 1, 8 The bulge region corresponds to the attachment of the arrector pili muscle and defines the lower border of the isthmus. The middle bud eventuates into the sebaceous gland, whose duct insertion marks the upper isthmic border. 3 The uppermost bud either degenerates or becomes an apocrine gland. Common embryologic origin explains the hybrid sebaceous and apocrine differentiation noted in many follicular tumors. The hair follicle is a complex, highly regulated, microsystem with distinct histologically defined segments (Fig. 1) . It is divided into the inferior follicle (bulb and suprabulbar regions), the isthmus and the infundibulum. The follicular dermal papilla and hair matrix compose the major cell types of the hair bulb. Matrical cells are characterized by round nuclei with prominent nucleoli and chromatin pattern and a high mitotic rate. 3 As these cells proliferate they differentiate into the IRS and hair shaft. Tumors arising from the hair matrix exhibit matrical cytomorphology and peculiar hair shaft-type keratinization characterized by anucleate cells with retained cell boundaries ("ghost cell" keratinization). Matrical tumors may also keratinize towards the IRS as evidenced by trichohyalin granules. 3 The suprabulbar portion of the inferior follicle is characterized by concentric layers surrounding the hair shaft, namely, the IRS, the non-keratinized outer root sheath (ORS), the vitreous layer and a connective tissue layer. Cells of the ORS are heavily glycogenated, resulting in a clear-cell phenotype. Additionally, their basal layer nuclei have a characteristic palisaded pattern. Tumors whose differentiation resembles the suprabulbar region of the hair follicle with its well-developed ORS and vitreous membrane include trichilemmomas (TL) and trichilemmal carcinomas. Many follicular tumors are characterized by a stroma which resembles the connective tissue sheath or the follicular mesenchyme, and such a stroma represents an important clue as to the follicular origin of such tumors. The isthmus is the middle portion of the follicle and is bound inferiorly by the insertion of the arrector pili muscle and superiorly by that of the sebaceous duct. At this level, the keratinized IRS detaches and is shed, while the ORS progressively thins as it merges with the infundibular epithelium. The isthmus is characterized by trichilemmal (abrupt/pilar) keratinization, defined as primarily anucleate cornification in the absence of a granular layer. The pilar sheath acanthoma and tumors of the follicular infundibulum (a misnomer) are believed to arise from the isthmus. Trichilemmal keratinization is best appreciated in the pilar cyst.
The infundibulum is that area above the entrance of the sebaceous duct and in continuity with the follicular ostium. Infundibular cells are identical to interfollicular epithelial cells and keratinize with an intervening granular layer, so-called infundibular or epidermoid keratinization, typified in the dilated pore of Winer and epidermal inclusion cysts.
TUMORS DIFFERENTIATING TOWARDS THE HAIR GERM AND MATRIX
The following entities exhibit features suggestive of differentiation towards or derivation from the hair germ or matrix. Those simulating germinative cells exhibit some attempt towards follicle formation and may form well-developed, abortive or immature follicles. They may differentiate towards any or all regions of the normal follicle. Lesions exhibiting matrical differentiation demonstrate a distinctive cytomorphology and keratinization pattern, as described above.
Trichofolliculoma
Trichofolliculomas are relatively common benign follicular tumors thought to arise from the hair germ. 9, 10 Clinically, they present in adults as a solitary papulonodule on the head and neck. A characteristic feature is the presence of a central opening from which protrude silky (often white) hairs. Histologically, the tumor exhibits a central cystically dilated cavity, lined by surface epithelium and containing keratinaceous debris and fragmented hair shafts (Fig. 2) . The cavity is frequently in continuity with the epidermis. Numerous, usually well-developed follicles radiate from the walls of the central cavity, some demonstrating dermal papillae and a developed IRS and ORS. Each lobule is surrounded by its own fibroblast-rich stroma resembling the normal perifollicular connective tissue. The lobules may be connected by epithelial strands, which differentiate towards the ORS, with typical large pale staining cells and peripheral nuclear palisading. Occasional sebocytes may be noted within the epithelial strands. A variant with prominent sebaceous glands and sebaceous ducts within the lobules is described as sebaceous trichofolliculoma. 11 Folliculosebaceous cystic hamartoma is characterized by a more prominent mesenchymal component and most commonly lacks hair shaft formation or an epidermal connection. Nevertheless, architectural similarity is striking, leading some to consider it a late stage of trichofolliculoma. 12, 13 These are discussed below with the sebaceous neoplasms.
Trichoadenoma
This uncommon tumor of the hair germ occurs as a solitary lesion on the face or buttock in adult patients. 14, 15 Numerous keratin-filled cysts fill the dermis and exhibit infundibular keratinization. Hair shafts are absent and overall these tumors are felt to differentiate towards the infundibulum (Fig. 3 ).
Similarities in light microscopic and cytokeratin (CK) profiling has led to the suggestion that these tumors may be related to desmoplastic trichoepitheliomas (DTEs). 16 At times, a tangentially sectioned regressing keratoacanthoma may simulate a trichoadenoma. Crateriform epidermal invaginations and dense surrounding dermal fibrosis are not features of trichoadenoma and, in conjunction with the clinical data, help to differentiate the two.
Trichoepithelioma/trichoblastoma group
This group includes trichoepitheliomas (TEPs), trichoblastomas, trichoblastic carcinoma and cutaneous lymphadenomas, entities felt to be best categorized as tumors of hair germ. 2, 7, 8, [17] [18] [19] In contrast to matrical cells (see above), germ cells are characterized by oval, basophilic cells, lacking nucleoli with no discernible chromatin pattern and low mitotic activity. 2 Tumors of hair germ may recapitulate any part of the developing follicle.
Though not considered related to TEP by some authorities, the desmoplastic TEP is dealt with here for the sake of simplicity, convention and a similar immunohistochemical profile. Trichoepitheliomas occur as single or multiple lesions often on the central face, with the exception of the giant solitary TEP, which has predilection for the genitocrural area. 20 Like many adnexal tumors, they may be seen as a part of an autosomal dominantly inherited genodermatosis (see Table 2 ). Multiple TEP may occur as a stand-alone genodermatosis or as part of the Brooke-Spiegler syndrome (TEP, cylindromas and spiradenomas). Along with familial cylindromatosis, these diseases are characterized by mutations in the CYLD gene. 21, 22 Multiple lesions are also seen in Rombo syndrome (TEP, basal cell carcinomas [BCC] , atrophoderma vermiculatum, milia and peripheral cyanosis). 23 The solitary variety occurs most commonly on the faces of young adults. Lesions are well circumscribed, located in the superficial dermis, and are composed of islands of basaloid cells and horn cysts containing lamellated keratin (Fig. 4 ). An important diagnostic feature is the presence of small aggregates of fibroblasts recapitulating the dermal papilla, so-called papillary mesenchymal bodies (PMB). Basaloid islands may be fenestrated, adenoid or solid. Connection to the epidermis is not uncommon and calcification, foreign body-type reactions to free keratin and, rarely, eccrine duct-like structures may be present. The tumor is embedded in a well-defined fibroblastrich stroma simulating the normal perifollicular connective tissue sheath, and, like in other follicular tumors, represents an important clue for the diagnosis. As these tumors resemble the hair germ, they are composed of small oval blue cells, which demonstrate peripheral nuclear palisading and may therefore mimic BCC. Lack of cytological atypia and mitotic activity, often colonize basaloid islands in TEP but are absent in the majority of BCC. 1, 15, 17 Recently, bulge follicular stem cell marker PHLDA1 was reported to be present in TEP but absent in BCC, though a later study found diffuse expression in a subset of micronodular BCC. 17, 27 None of these stains are completely reliable, and in the unusual case where a distinction cannot be made with certainty, treatment as a keratotic BCC may be prudent. It should also be remembered that TEP and BCC may coexist in a single patient and, indeed, we have seen cases with clear features of TEP and BCC in a single specimen (Fig. 5 ). Desmoplastic trichoepitheliomas occur on the faces of young females often in the second to third decade and present as indurated, sclerotic plaques. The most characteristic clinical appearance is that of an annular (donut-like) dermal lesion, which is often confused for BCC or granuloma annulare. It should be noted that BCC is uncommon in young persons and facial granuloma annulare is rare.
Three components comprise the diagnosis of DTE: thin islands of basaloid epithelium involving the upper and mid-reticular dermis, horn cysts and a sclerotic stroma (Fig. 6 ). Calcification is also frequently present. The epithelium is composed of bland cells with minimal to no mitotic activity and absent nuclear pleomorphism. Peripheral nuclear palisading is not a feature of this entity. Occasionally, connection to the overlying epidermis is present. The differential diagnosis for this entity includes syringoma, morpheaform BCC and, importantly, microcystic adnexal carcinoma (MAC). Syringomas are characterized by a classical clinical presentation, sharp circumscription, a densely fibrotic stroma and prominent ductal differentiation. Horn cysts and calcification are uncommon. If in doubt, carcinoembryonic antigen (CEA) highlights glandular differentiation. It should be noted that rarely DTE may display duct-like structures, but these should be a minor component of the tumor. 28 Morpheaform BCC displays peripheral nuclear palisading, cytological atypia, cellular necrosis and often focal peritumoral retraction artifact. CD34 + stromal cells, PHLDA1 positivity and intratumoral CK20 + Merkel cells are present in DTE but absent in BCC. 27, [29] [30] [31] In superficial biopsies, differentiation from MAC may pose significant challenges. In addition to strands of minimally atypical basaloid epithelium and horn cysts, MAC demonstrates prominent ductal structures and, most importantly, infiltrates the deep dermis, features absent in DTE. Nevertheless, in shallow biopsies, clear ductal differentiation may not be identified and depth of invasion cannot be appreciated. In this case, a sign-out reflecting the need for a deeper biopsy to exclude a malignant glandular tumor is prudent. Where confronted with equivocal evidence of ductal differentiation on standard sections, a panel of CEA and epithelial membrane antigen (EMA) to highlight ductal lumina may be of help. 15 Trichoblastomas are less common than TEP and present as large nodular lesions, most often on the scalp, though lesions on the limbs and buttocks have been described. Along with syringocystadenoma papilliferum, trichoblastomas represent a common tumor found in association with nevus sebaceus. 32 The typical lesion is well circumscribed and situated in the deep dermis or subcutis (Fig. 7) . It demonstrates multiple tumor lobules composed of hair germ-type cells with peripheral palisading embedded in a fibroblast-rich stroma. PMB are often identified but are not necessary for the diagnosis. Histological variants have been described, in large part dependent on varying proportions of mesenchymal and epithelial components. Rippled pattern, pigmented, clear-cell variants and sebaceous differentiation have been reported. [33] [34] [35] [36] Like with TEP, misdiagnosis of BCC may occur. Clinical data, lack of peritumoral clefting and identification of PMB help to differentiate these entities. Unlike TEP, stromal amyloid and mitoses are relatively common, though nuclear pleomorphism is not a feature of trichoblastomas. Trichoblastomas demonstrate a similar immunohistochemical profile to TEP, though CK7 has been reported to be present in trichoblastomas but absent in the latter. 2, 15, 34, [37] [38] [39] Rare cases of malignant trichoblastomas (trichoblastic carcinoma) exhibiting a deeply infiltrative architecture, pronounced nuclear pleomorphism, necrosis and metastatic potential have been reported. 40, 41 Distinction from BCC with follicular differentiation is difficult.
Cutaneous lymphadenoma
This tumor is regarded as a variant of trichoblastoma, and most commonly presents as a translucent papule or plaque on the cheek of young adults. In our experience, the clinical picture may be identical to that of DTE with an annular, sclerotic morphology. Histopathological features include epithelial islands with peripheral basaloid cells exhibiting nuclear palisading and central clear-cell change with vesicular nuclei and prominent nucleoli (Fig. 8) Pilomatricoma (pilomatrixoma) and pilomatrix carcinoma
Pilomatricomas are often solitary lesions occurring on the head and neck of young persons. They present as firm nodules, Figure 3 . Trichoadenomas have a striking appearance at low magnification suggestive of numerous epidermal inclusion cysts filling the dermis. Like other tumors of the hair germ, a discrete fibrous stroma envelops these tumors. Note the infundibular-type keratinization pattern with retained granular layer, and adjacent foreign body giant cell reaction (arrow) to free keratin (inset) (hematoxylin-eosin, original magnifications: 920; insert, 9200). which may exhibit chalky exudates. Syndromic associations include Gardner's syndrome, myotonic dystrophy, RubinsteinTaybi syndrome and Turner's syndrome. [44] [45] [46] [47] The finding of epidermal inclusion cysts with pilomatrical differentiation is reported to occur in Gardner's syndrome. 48, 49 Mutations in bcatenin have been found to be important in the pathogenesis of pilomatricomas. 50, 51 Tumors are multilobulated dermal nodules and express differentiation towards the hair matrix, demonstrating hair-shaft +/À IRS keratinization. Tumor lobules are composed of an admixture of basophilic matrical cells, transition cells with small nuclei and abundant pink cytoplasm, and anucleate keratinized cells with faintly visible cell border outlines, so-called shadow or ghost cells (Fig. 9) . Degree of shadow-cell formation is directly proportional to the age of the lesion, with complete loss of basophilic germinal cells in fully mature lesions. Conversely, in immature lesions, large tumor islands composed almost completely of basophilic cells with high mitotic activity may present diagnostic difficulty, resembling a nodular BCC. The tumor cells may contain abundant melanin, which may be confused with melanoma. Identification of shadow cells may assist in making the diagnosis but it should be remembered that BCC with pilomatrical differentiation exist. In this case, the presence of peripheral nuclear palisading, peritumoral retraction artifact and connection to the overlying epidermis should be searched for and, if present, favor BCC. 52, 53 A foreign body giant cell reaction to exposed keratin is frequently present, as are foci of calcification and, not uncommonly, ossification. Pilomatrix carcinoma is a rare tumor with the potential for distant metastasis. [54] [55] [56] Malignant lesions are characterized by numerous mitoses with abnormal forms, nuclear pleomorphism, prominent nucleoli, infiltrating borders, broad areas of tumor necrosis and, occasionally, vascular or perineural invasion.
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It should be noted that brisk mitotic activity alone is not a criteria for malignancy and is a common feature of young tumors. 
Panfolliculoma
This tumor demonstrates complex follicular differentiation towards all areas of the hair follicle. Hair germ, matrical, isthmic and infundibular differentiation are present. Tumors may assume a cystic or solid morphology. These rare tumors are testament to the variable differentiation that may occur in tumors of the hair germ.
TUMORS OF ISTHMIC AND INFUNDIBULAR EPITHELIUM
Relatively few tumors arise from the middle and upper portions of the hair follicle. The pilar sheath acanthoma and the misnamed tumor of the follicular infundibulum are isthmic in origin and the dilated pore of Winer is derived from the infundibulum.
Tumor of the follicular infundibulum
These uncommon lesions occur most commonly on the head and neck area as thin scaly papules. An unusual eruptive variant presenting as numerous thin hypopigmented papules has been reported, as has association with the phosphatase and tensin homolog (PTEN) hamartoma (Cowden's) syndrome. 57, 58 Despite its name, this lesion is derived from the isthmus and is characterized by fenestrated plate-like hyperplasia of the lower epidermis with multifocal points of epidermal attachment (Fig. 10) . The cells are pale, resembling the glycogenated cells of the ORS, and exhibit peripheral nuclear palisading and often a prominent eosinophilic basement membrane. 
Pilar sheath acanthoma
Pilar sheath acanthomas are clinically distinctive tumors presenting as a single papule with a central pore, occurring with overwhelming frequency on the upper lip of an adult. 59 Histological features include a central cystic cavity from which radiate acanthotic lobules composed of isthmic ORStype cells, though lesions with a more infundibular appearance may occur (Fig. 11) . The lobules often extend deep within the dermis and may involve the subcutis. In addition to glycogenated cells, peripheral palisading and even a vitreous layerlike basement membrane may occur. Despite the ORS/isthmic differentiation, the lesions often display infundibular keratinization with an intervening granular layer.
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Dilated pore (of Winer)
The dilated pore of Winer shares some clinical and histological similarity with pilar sheath acanthomas, presenting as a debrisfilled pore on the head, neck and trunk of adults. It resembles a large open comedone. Histologically, a central, cystically dilated, keratinaceous debris-filled cavity is lined by infundibular epithelium (Fig. 12) . Mild acanthosis may be noted in the deeper part of the lesion, though never to the degree seen in pilar sheath acanthomas.
TRICHILEMMAL GROUP
This group consists of TL, desmoplastic TL, trichilemmal and trichilemmomal horns, proliferating trichilemmal (pilar) tumors, trichilemmal carcinoma and malignant proliferating trichilemmal (pilar) tumor. These lesions are characterized by an ORS-type differentiation and often display abrupt (trichilemmal/pilar) keratinization without an intervening granular layer. The exception to this is in some TL/trichilemmomal horns where keratinization is infundibular. 
Trichilemmoma and desmoplastic trichilemmoma
Solitary trichilemmomas (TL) are common tumors occurring on the head and neck. Multiple TL are highly suggestive of the PTEN hamartoma (Cowden's) syndrome. 58, 60 An associated nevus sebaceus is a common finding. 61 The desmoplastic variant is usually a solitary tumor, with slight male predominance. Like conventional TL, they may arise within a nevus sebaceus. 62 There is no syndromic association.
Trichilemmomas demonstrate a rounded, lobular proliferation of glycogenated cells with cytoplasmic vacuolation. As with most ORS tumors, peripheral nuclear palisading and a prominent PAS + eosinophilic basement membrane complete the histological picture (Fig. 13) . Not commonly, verrucous papillomatosis and even a cutaneous horn (trichilemmomal horn) may be noted. In these cases, keratinization may be infundibular. Desmoplastic TL represents a biphasic tumor with peripheral areas demonstrating changes of conventional TL and central sclerosis, often with strands and cords of epithelium, sometimes with a prominent spindle cell population (Fig. 13) . Recognition of the periphery is crucial to avoid misdiagnosis of morpheaform BCC or other malignant epithelial tumors.
Trichilemmal horn
This lesion represents an uncommon cause of a cutaneous horn. Not to be confused with the trichilemmomal horn (above), this entity is characterized by a cutaneous horn of primarily anucleate keratin and underlying "U" or "V" epidermal hyperplasia showing trichilemmal change (Fig. 14) . 63, 64 
Trichilemmal carcinoma
This rare malignancy arises as a solitary lesion on the head and neck of elderly patients, with no distinctive clinical features. Local recurrence after surgery and rarely metastatic disease has been reported. 65, 66 Histologically, like TL, a lobular growth pattern is common and the lesion exhibits a pushing, rather than frankly infiltrative border. 15 Cytological atypia is often marked, with numerous mitotic figures including abnormal forms. Keratinization is trichilemmal in nature, an important clue in distinguishing this entity from clear-cell squamous cell carcinoma (SCC). In situ disease potentially mimicking SCC in situ has also been reported. 67 Proliferating trichilemmal (Pilar) tumor and malignant proliferating trichilemmal (Pilar) tumor
Proliferating trichilemmal tumor (PTT) is a tumor with marked predilection for the scalp of elderly women. 68 Patients may report the presence of a pre-existing pilar cyst. Rapid growth and development of an exophytic mass clinically mimics SCC. 68 Malignant proliferating pilar tumors have a similar clinical presentation, though more rapid growth, larger size and ulceration is common. [69] [70] [71] Locoregional and rarely distant metastases have been reported. 72 On scanning magnification, the PTT is multilobulated, with well-defined rounded borders and lacks an infiltrating pattern (Fig. 15) . 2, 15, 73 ORS-type glycogenated cells, peripheral palisading and abrupt keratinization are present and, along with a well-circumscribed architecture, serve as important features in differentiating this tumor from SCC. Focal cellular atypia and mitotic activity may occur, though diffuse atypia and abnormal mitoses are worrisome for malignant degeneration. 73 Malignant proliferating pilar tumors are very rare, with poorly defined histological criteria. Suggested features of malignancy include an infiltrating pattern, widespread and marked cytological atypia, numerous and atypical mitotic figures, geographic necrosis, and perineural or perivascular invasion (Fig. 16) . Areas of conventional pilar cyst of PTT may be present and serve as an internal control for degree of atypia. 69, 73 TUMORS CHARACTERIZED BY PROMINENT PERIFOLLICULAR MESENCHYME This group includes fibrofolliculomas, trichodiscomas and perifollicular fibromas, and is characterized by a predominance of a fibroblast-rich stroma resembling the perifollicular connective tissue sheath. Epithelial components are also present in varying degrees. All three tumors have an identical clinical appearance, presenting as smooth white papules on the head and neck. When multiple, the tumors have a distinctive distribution, involving the central and lateral face, the auricle and upper neck. Recognition of tumors in this family by the pathologist should prompt a report alerting the clinician to the association with Birt-Hogg-Dub e syndrome (AD mutation in FLCN associated with skin lesions, spontaneous pneumothoraces and renal cancer). 74 Though fibrofolliculomas and trichodiscomas are possibly different stages or variations of the same lesion, their individual histological features will be discussed. Additionally, though some authorities doubt the existence of the perifollicular fibroma, in our experience and that of others, a subset of patients with numerous facial papules, spontaneous pneumothoraces and known mutations in their FLCN gene only demonstrate histological features of perifollicular fibromas, despite numerous biopsies and examination of multiple tissue levels. 75 
Fibrofolliculoma and trichodiscoma
Fibrofolliculomas often display a central dilated cavity with radiating, thin strands of epithelium embedded in a welldefined fibroblast-rich stroma (Fig. 17) . The epithelial cords display an anastomosing pattern, leading to angulated configurations. Hair shaft formation is not a feature of this entity, though occasionally they may be observed within the central cavity. Sebocytes may be present within the epithelial cords.
An edematous myxofibrovascular stroma predominates in trichodiscoma. 2, 15 This stroma is bound on one or both sides by a follicular structure, sometimes with prominent sebaceous glands (Fig. 17) . Varying degrees of cellularity have been reported. At times, changes identical to fibrofolliculoma are noted peripherally. 76 The lesion reported as neurofollicular hamartoma (spindle cell predominant trichodiscoma) is likely a cellular variant of trichodiscoma with variable S100 positivity. 77 Findings in the perifollicular fibroma are subtle and require a high index of suspicion. Concentric perifollicular "onion-skin" fibrosis surrounding a normal-appearing follicle characterizes the lesion (Fig. 18) . 15, 78 Elastic fibers are markedly decreased within the fibrosis. 15 Of note, identical changes can occur in old lesions of acne vulgaris and clinicopathological correlation is key in preventing overdiagnosis. 
SEBACEOUS NEOPLASMS
Numerous benign and malignant tumors may demonstrate sebaceous differentiation but few neoplasms arise from the sebaceous glands themselves. Sebaceous tumors include sebaceous adenoma, sebaceous epithelioma (sebaceoma), mantleoma, sebocrine adenoma and sebaceous carcinoma. Though not neoplastic, sebaceous hyperplasia (SH) is common, often clinically mistaken for a neoplasm, and serves as a comparison lesion for tumors of the sebaceous gland. The key to understanding sebaceous neoplasms is a working knowledge of the histoanatomy of the normal sebaceous gland. Sebaceous glands are composed of lobules and a sebaceous duct lined by stratified squamous epithelium. The mature sebaceous lobule has a single layer of cuboidal, basophilic, germinative cells. An increase in germinal cells characterizes sebaceous adenomas and epitheliomas. Centrally, cells become lipidized, demonstrating delicate intracytoplasmic vacuoles with a net-like appearance. A central scalloped nucleus is present. In formalin-fixed tissue, immunohistochemistry with adipophilin is a specific marker identifying lipid droplets. 79, 80 Conventional stains for lipid may be applied to fresh tissue.
Sebaceous hyperplasia
Sebaceous hyperplasia is a common finding on the face of adults. The lesions are yellow papules, often with a central dell, and a somewhat greasy appearance. Telangiectasias are sometimes prominent and may lead to the clinical misdiagnosis of BCC. Extensive SH is seen in patients on cyclosporin. 81 Juxtaclavicular beads are variants of SH.
Lesions of SH demonstrate a well-defined group of hyperplastic but mature sebaceous lobules, emptying into a single sebaceous duct. Most lobules will demonstrate the normal single layer of germinative cells, but up to two layers may be present. Lesions resemble rhinophyma, but in this condition, the large sebaceous glands are not grouped into a well-defined cluster, neither do they all enter a single sebaceous duct.
Sebaceous adenoma
Sebaceous adenomas present as papulonodules on the head and neck. The most common clinical differential is BCC.
Sebaceous adenomas are multilobular, sharply demarcated lesions, often with multifocal attachment to the epidermis. The defining pathology in this entity is an increase in the germinative basal cell layer, comprising less than 50% of the lobule (Fig. 19) . Cytological atypia is not a feature of these neoplasms, though occasional normal mitotic figures may be observed. Lobules may be surrounded by a fibrous rim, similar to that seen in the normal sebaceous gland. Peripheral palisading and peritumoral clefting are not seen. 2, 15 A cystic variant is recognized. 82 Sebaceous adenomas may be associated with Muir-Torre syndrome (MTS), which is discussed below. 83 
Sebaceous epithelioma (sebaceoma)
The sebaceous epithelioma presents in an identical fashion to sebaceous adenomas, and is also associated with MTS. Lesions are lobular, well-demarcated dermal tumors, though epidermal attachment is not uncommon. 2, 15 Like sebaceous adenomas, the lesion lacks an infiltrating pattern. Tumor lobules are composed of a mixture of germinative basaloid cells and mature sebocytes, with immature cells outnumbering mature ones (>50%, Fig. 20 ). Sebaceous ducts are frequently present. The germinative cells lack cytological atypia and display scant cytoplasm and small nuclei with non-prominent nucleoli. Mitotic figures may be seen, but abnormal forms are absent. Peripheral nuclear palisading is absent, or only very focally present, and peritumoral clefting does not occur.
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Cystic variants with central holocrine degeneration exist, but necrosis of germinal cells is not a feature of sebaceous epitheliomas. 2, 15, 82 Other variants include a rippled pattern variant, and giant variants. 84 
Sebaceous carcinoma
Sebaceous carcinomas are potentially aggressive malignancies with the potential for metastasis. 85, 86 Like sebaceous adenomas and sebaceous epithelioma, they may be associated with MTS. 87 Traditionally, they are divided into ocular and extraocular variants, though both categories have overlapping histological features. Lesions present as masses on the eyelids, the head and neck, trunk or even genitals. 88 Ulceration may occur and clinical diagnosis is rare, as tumors resemble other nonmelanoma skin cancers or, in the case of ocular lesions, benign conditions including chalazions. Adults are more commonly affected, though pediatric cases exist. 89 Ocular sebaceous carcinomas may have an increased risk of metastasis compared with extraocular lesions, and those seen in MTS are least likely to metastasize. 87 Histological features include an irregular lobular architecture with an infiltrating border. Well-differentiated lesions may preserve a "benign" architecture, but cytological atypia is present (Fig. 21) . The tumor is composed of a mixture of atypical germinative and often atypical mature sebocytes. Unlike the small germinative cells of benign sebaceous neoplasms, sebaceous carcinoma exhibits marked nuclear pleomorphism, with prominent nucleoli, eosinophilic cytoplasm and plentiful mitotic activity including abnormal forms. In conjunction with these findings, ocular lesions commonly display overlying pagetoid epidermal involvement. Careful exclusion of sebaceous differentiation must be performed when confronting a superficial biopsy from the eyelid exhibiting in situ disease with pagetoid spread. Lipid droplets may be demonstrated by immunohistochemistry with adipophilin.
A frequent issue encountered is difficulty in distinguishing sebaceous carcinoma from BCC with sebaceous differentiation or SCC with clear-cell change. Peripheral nuclear palisading and peritumoral clefting are not features of sebaceous neoplasms, though a focally palisaded appearance does not rule out sebaceous carcinoma. 2, 15 
Muir-Torre syndrome
Muir-Torre syndrome is a heritable cancer syndrome characterized by the presence of at least one sebaceous neoplasm and a visceral neoplasm. 87 It is transmitted in an autosomal 
Mantleoma
This rare tumor is felt to arise from the sebaceous mantle, a folliculosebaceous structure possibly related to the sensory function of sebaceous glands. 100 It occurs on the face of adults. Histological features include a folliculocentric cord-like proliferation of basaloid cells exhibiting sebocytes and occasionally sebaceous ducts, embedded in a fibrous stroma (Fig. 23) . It bears marked resemblance to the basaloid follicular hamartoma, though that entity lacks sebaceous differentiation.
Folliculosebaceous cystic hamartoma
This hamartomatous lesion occurs most commonly on the face of young adults, though scalp, truncal and genital lesions, as well as giant and congenital variants, have been described. 101, 102 The precise origin of this lesion is unclear though is felt by some to be a late stage of trichofolliculoma. 13, 103 Because the sebaceous component is a very prominent feature of this lesion, it will be discussed in this section. The lesion is composed of an admixture of folliculosebaceous structures as well as a prominent mesenchymal component (Fig. 24) . Like trichofolliculoma, folliculosebaceous cystic hamartoma is characterized by a central cystic cavity filled with keratinaceous and sebaceous debris, though connection to the surface is less commonly observed (Fig. 25) . Numerous sebaceous lobules are attached to the central cavity and, occasionally, small follicular structures and immature hairs may be noted. Like many of the previously discussed entities, the lobules are surrounded by a fibroblast-rich stroma. Adjacent to the lobules is the mesenchymal proliferation, which may consist of a variety of elements including collagen, mature adipose tissue (frequently present), smooth muscle, neural tissue and often increased vascularity. A CD34 + spindle cell proliferation may predominate in some lesions and, in addition to the mature adipose tissue, may be associated with ropy collagen simulating a spindle cell lipoma. 104 Increased stromal mucin may also be seen.
Sebocrine adenoma
This entity has a non-descript clinical presentation and in our experience is most often biopsied to rule out a non-melanoma skin cancer or an inflamed seborrheic keratosis. The tumor bears striking resemblance to an inverted follicular keratosis, often with an endophytic lobular architecture and numerous squamous eddies. Clues to the diagnosis include intratumoral sebaceous ducts and occasional sebocytes, most often located at the base of the lesion (Fig. 25) . Occasional mitoses may be present, but abnormal forms are absent. The tumor often has an edematous vascular stroma which may resemble an eccrine poroma, but ducts are sebaceous in nature and cells lack the monotony of poroid neoplasms. Some cases can be confused with seborrheic keratosis, which have minimal sebaceous differentiation. There is no association with MTS.
CONCLUSION
In summary, a large number of benign and rarely malignant tumors arise from the folliculosebaceous unit. Most of these entities have distinct light microscopic features, though occasionally immunohistochemical stains may assist in the diagnosis. Familiarity with these tumors and their syndromic associations is important for both dermatologists and dermatopathologists alike. Finally, despite their rarity, malignant folliculosebaceous tumors exist and harbor the potential for distant metastasis. As such, any follicular tumor with an infiltrating pattern and cytological atypia must be carefully appraised to ensure accurate diagnosis of these uncommon neoplasms. 
